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INTRODUCTION
Information which is available regarding the micro-
biology of the soils of Louisiana is very meager. Within
' the past few years the importance of a knowledge of the
soil conditions affecting the growth of crops has been em-
phasized as a result of the poor crop yields which have been
obtained in the sugar belt of the state. While it is known
;
that plant diseases, insect pests, and other factors are im-
portant contributing causes in the difficulties which have
arisen, it is also realized that attention must be directed
toward a study of soil conditions if a solution to the problem
is to be found.
The soils of the sugar section of Louisiana are generally
of high natural fertility. Although the use of commercial
fertilizers, particularly nitrogen carriers, is profitable on
many of these soils, this may be attributed to the unusually
heavy drain made upon the soil by the cane crop rather than
to natural infertility of the soil. On some of these soils,
! however, in which the lack of the essential plant food ele-
ments in sufficient quantity for crop growth is apparently
not the limiting factor satisfactory stands of cane are not
obtained. Since the poor yields can hardly be attributed en-
tirely to low soil fertility, some other factor or factors must
be involved. Of these may be mentioned (1) poor physical
condition of the soil, which might affect not only the develop-
ment of the root system of the plant, but which would retard
favorable biological activities in the soil by means of which
food materials are made available to the plant; (2) poor
drainage; (3) the presence of toxic substances, either chem-
Iical
or biological
; (4) the presence of harmful microorgan-
The present work was undertaken for the purpose of
making a general survey of the microbiological activities in
some typical Louisiana soils, both alluvial and loessial. It
was thought that such information would be of value as a
preliminary basis for further soil work.
SOILS
Three alluvial soils from the sugar station, designated
as numbers 1, 2, and 3, and one loessial soil from the cotton
plots of the experiment station farm, number 7, were in-
cluded in the work which is reported here. Soils 1, 2, and
3 were in plant cane in 1925, a part of the four year rota-
tion. Number 1 received an application of sodium nitrate
equivalent to 36 pounds of nitrogen, acid phosphate equiva-
lent to 36 pounds of P2O5, and kainit equivalent to 35 pounds
of K2O. Number 3 received the same amounts of the nitrate
and kainit, and number 2 half the amounts of acid phosphate
and kainit, in addition to having a crop of sour clover
(Melilotus indica) turned under in the spring. Soil 7 was
cropped to corn and soy beans in 1925 and planted to cotton
in 1926.
THE FUNGOUS FLORA
For determining the fungous flora of these soils, perma-
nent sampling stations were established in the field in the
rows of cane and cotton. Ten to fifteen small samples were
taken at each sampling period to a depth of three to six
inches for a composite sample. The composite samples were
mixed in the laboratory, and dilution plates poured on Waks-
man and Fred's synthetic acid agar (11), using the tech-
nique suggested by Waksman (7) . Five plates were poured
for each soil from the 1-10,000 dilution and incubated at
25° C. Cultures were also made at intervals from the 1-1000
dilution. In order to isolate sterile fungi which might be
eliminated in making the dilutions, small particles of soil
were transferred to plates of both dextrose bean and syn-
thetic acid agar. Transfers were made to agar slants as
the colonies sporulated. The genera and species isolated,
together with the number of isolations of each, are listed
in Table I.
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TABLE I
Fungi Isolated from the Soil
Number of Isolations
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
Aspergillus niger van T
" terreus Thorn
" flavus Link
" fumigatus Fres
" flavipes B. & S
" Wentii Wehmer
" Candidas group TC
" glaucus group TC
" versicolor group TC
" minutus Abbott
" humus Abbott
" luchuensis Inai
" ochraceus group TC
sp
Doubtful Aspergilli
Penicillium expansum Link em. Thom.
" pinophilum Thom
" chrysogenum Thom
lilacinum Thom
" purpurogenum Stoll
" italicum Wehmer
" rubrum Stoll
" luteum Zukal
" citrinum Thom
" funiculosum Thom
sp
Trichoderma koningi Oud
lignorum (Tode) Harz ...
" flavus Abbott
sp
Acrostalagmus albus Preuss
sp
Gliocladium
Verticillium tsrrestre (Link) Lindau .
Spicaria violaceum Abbott
sp
Fusarium
Cladosporium herbarum Pers
Cephalosporium
Acrothecium
Monilia
Alternaria humicola Oud
Phoma •
Chaetomium sp
" crispatum Fuck
Hyalopus
Volutella
Rhizopus
Mucor
Zygorrhynchus
Oedocephalum
Sporetrichum
Botrytis -
Thielavia ( ?)
Rhizoctonia
Marasmius
Monotospora
Acremoniella
Epicoccum
Pestalozzia
Brachysporium
Dematium
Periconia
Unidentified Fungi
Soil 1 1 Soil 2 1 Soil 3 Soil 7
73 18 37 20
99 47 97 55
2 4 10 11
3 1 5 72
1 4 1 0
8 12 3 0
35 30 18 g
1 0 0 0
1 1 1 I
1 8 10 11
0 0 4 Q
0 0 4 0
6 0 41 31 2
19 32 19 22
1 Qi O 21 1 9 0
74 78 55 48
y i 8 25 36
A O 22 5 19
Q 5 5 4
11 0 0 1
9 3 5 9
1 3 3 0
0 0 3 0
fi
y) 0 7 0
0 0 0 2
O 6
93
29 16 42
7 6 106 12
6 18 10 20
0 2 1
2 4 4 14
0 2 3 3
6 3 2 3
2 8 9 2
2 10 3 2
1 0 2 2
30 30 20 72
59 48 40 45
2
1
8 9 1
6
10 22 17 5
2 0 1 1
2 1 7 2
1 4 1 0
4 9 8 5
0 0 3 Q
0 (\u 0
1 4 1 2
1 0 0 0
24 38 24 2
36 35 34 19
0 2 0 22
2 1 0 6
1 0 1 0
1 0 1 0
0 1 2 0
2 2 0 0
3 3 0 0
0 1 1 0
0 1 0 0
0 0 1 0
1 0 0 0
1 0 0 0
. 0 0 3 0
0 0 0 2
5 5 1 6
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The fungi were identified as to species wherever pos-
sible, but this is very difficult among many of the Fungi
Imperfecti. Under the "doubtful Aspergilli" are included a
group of organisms with very small vesicles resembling
Aspergillus minutus in general morphology. The classifica-
tion of this group of fungi is discussed in another publica-
tion. Most of the unidentified Aspergilli which are listed
as ''Aspergillus sp.," are yellow to avellaneous forms which
probably belong with the A. ochraceous group TC (4) . The
unidentified Penicillia are mostly green forms.
A study of Table I shows that there is no marked dif-
ference in the fungous flora of the different soils as deter-
mined by the methods used. A large majority of the fungi
isolated are saprophytes and these seemed to be rather uni-
formly distributed. The distribution of the most important
groups is brought out more clearly in Table II, in which
are shown the total number of isolations of each of the large
groups, and the relative percentage of each of the total flora.
While the percentages given cannot be considered as being
an exact mathematical representation of the distribution of
the various groups, they do indicate the relative numbers
of each in the different soils.
In both the sugar cane and the cotton soils the Asper-
TABLE II
Percent of Different Groups of Fungi
Isolated from Sugar Cane and Cotton Soils
Soil 1 Soil 2 Soils Soil 7
Ave. %
1, 2, 3.
Total
No.
Isola-
tions %
Total
No.
Isola-
tions %
Total
No.
Isola-
tions %
Total
No.
Isola-
tions
1
%
Aspergillus .... 296 34.1 219 30.7 249 35.9 200 31.9 33.6
Penicillium .... 254 29.1 148 20.8 124 17.9 161 25.7 22.9
Spicaria 31 3.6 30 4.2 22 3.2 74 11.7 3.7
Trichoderma
. .
.
102 11.7 98 13.7 122 17.6 47 7.5 14.3
59 * 6.8 48 6.9 40 5.7 45 7.2 6.5
60 6.9 75 10.5 58 8.4 43 6.8 8.6
6
gillus group constituted approximately 30% of the total
flora. A. terreus and A. niger occurred in the largest num-
bers in the sugar cane soils, followed by the A. candidus and
A. ochraceous groups (A). The other species of the genus
occurred in much smaller numbers. In the cotton soil, how-
ever, A. fumigatus, which was isolated infrequently from
the cane soils, predominated, followed by A. terreus and
A. niger. The A. candidus and A. ochraceous groups were
almost lacking in this soil.
The Penicillia ranked second in numbers in both of the
cane and cotton soils, constituting eighteen to thirty percent
of the total flora, with an average of about twenty-five per-
cent. P. expansum, P. pinophilum, and P. chrysogenum were
the most common members of this group, except in soil 2,
from which P. pinophilum was isolated infrequently. Seven
other identified species of this genus were isolated, but they
were present in much smaller numbers.
In the cane soils members of the genus Trichoderma
were third in numbers, comprising about fourteen percent
of the total flora. From Table I it will be noted that T.
koningi ranked with Aspergillus terreus as being the most
common single species, but considered as entire groups the
Aspergilli and Penicillia were considerably more numerous.
In the cotton soil, however, members of this group were only
about half as numerous, and T. lignorum was isolated more
frequently than T. koningi. A possible explanation for the
larger numbers of Trichoderma in the cane soils may be
found in the fact that considerable quantities of cane trash,
which is largely cellulose, are annually turned into these
soils. The Trichodermae are known to attack cellulose very
vigorously, and it is not uncommon to see the characteristic
green growth of Trichoderma on the pieces of dead leaves
and stalks of cane lying in the field.
In the cotton soil species of Spicaria were more common
than those of Trichoderma, comprising about twelve percent
of the total flora. With the exception of the few cultures
of S. violaceum (1) which were isolated, most of these forms
belonged to two groups, one grayish-green, corresponding in
general with the description of S. Silvatica, and the other
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having a yellowish to rose colored surface, possibly S. sim-
plicissima.
Following these genera in order of numbers were the
Fusaria, comprising six to seven percent of the total, and
the Mucorales, including the three genera Mucor, Rhizopus,
and Zygorrhynchus was isolated only twice from the cane
soils, soil 2, while it was common in the cotton soil. A col-
ony of this fungus usually developed from each clump of
the cotton soil which was transferred to agar plates, and
pure cultures were often obtained in this manner.
The only parasitic forms isolated were Marasmius and
Rhizoctonia from the cane soils and Rhizoctonia from the
cotton soil. Both of these fungi play an important part in
root rot troubles of sugar cane, and Rhizoctonia causes
damping-off of cotton. However, neither of these organisms
was isolated frequently, either from the dilution plates or
from those directly inoculated with soil. Just why they
were not isolated in larger numbers is not apparent, since
it is known that they are present in the soils studied and
that they grow well on the media which were used. Young
cotton plants which were grovm in pots in the laboratory
by another member of the department, using soil from a plot
not far from soil 7, were attacked by Rhizoctonia to the ex-
tent that most of them died, while Rhizoctonia and Maras-
mius have almost invariably been isolated from sugar cane
roots affected with root rot. There is also ample evidence
in the way of infected plants to show that Rhizoctonia par-
ticularly is widely distributed in these soils. The failure to
isolate these fungi is most probably a matter of technique,
yet it seems that with the technique employed they would
have been obtained in larger numbers. Both of these fungi
are usually sterile as they occur in nature, and it is quite
probable that the dilution method of culturing the soil would
eliminate them, but they would be expected to develop from
the direct soil transfers.
Considering the results as a whole as obtained with the
methods used, Aspergillus and Penicillium constituted over
fifty percent of the total number of fungi isolated. These
two groups, together with species of Trichoderma, Spicaria,
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Fitsarium, and the Mucorales, comprised ninety percent of
the total in both the sugar cane and cotton soils. The re-
maining ten percent was made up of members of twenty-
seven other genera, none of which numbered more than one
or two percent of the total. Of these the following genera
have been reported from the soil before: Oedocepahlum,
Pestalozzia, Svorotrichum, Hyalopus, Acrothecium, Mono-
tospora, Epicoccum, Bmchysporium, and Volutella.
It is of interest to note that the predominating groups
in these soils, of which flora studies have not been previously
reported, are the same as those found by Waksman (5) (6)
in his studies of soils from widely separated localities, and
by the author (1) in Iowa soils. While Alternaria and
Cladosporium were relatively more common in the northern
soils, and species of Spicaria were less common, the general
group relationships were the same.
» NUMBERS OF MICROORGANISMS
Varying degrees of importance have been attached to
the determination of the total numbers of microorganisms in
soils by the many workers who have studied this phase of
soil microbiology. In some instances a rather close correla-
tion has been found to exist between total numbers of micro-
organisms and the crop producing power of a soil or other
biological processes, while in others such relationships have
not been evident. A discussion of these results is not neces-
sary here since Waksman's recent papers (7), (8), give a
review of the entire subject. While it would be unwise to
draw generalized conclusions regarding the fertility of a
soil or to attempt to predict its crop producing power from
a study of the numbers of microorganisms in that soil, de-
termination of numbers, as pointed out by Waksman (8),
can serve as one means of measuring the general biological
condition of the soil.
The soils selected for the present work were numbers
2, 3, and 7, which have been described previously. Soil 1
was not included in this portion of the work since it con-
tains considerably more clay than either 2 or 3, and the
9
Fig. 1. Showing Effect of Melilotus on Numbers of Micro-organisms in Soil.
Solid line, Soil 2 with Melilotus plowed under.
Broken line, Soil 3, without Melilotus.
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results would therefore be less comparable so far as deter-
mining the effect of Melilotus is concerned.
Samples were taken and dilutions made as described
under the discussion of the fungous flora. Numbers of fungi
were determined from the 1-10,000 dilution, and the bac-
teria and actinomycetes from the 1-100,000 dilution. Counts
were made from both smaller and higher dilutions at various
times, but the variations from those made from the 1-10,000
and 1-100,000 dilutions were so small as to be insignificant.
Waksman and Fred's agar (11) adjusted to a reaction of
pH 4.0 was used for culturing the fungi, while Brown's
modified albumen agar (7) was used for the bacteria and
actinomycetes. Five plates were poured from each dilution
and the plates incubated at 25° C. for seven days. The incu-
bation temperatures for the August and October samplings
were higher than this, since on these dates the room temper-
ature rose above 25° C, and a cold temperature incubator
was not available. In August the room temperature was as
high as 35° C, but by keeping ice in the bottom of the incu-
bator below the plates, the temperature of the incubator was
kept below 30° C.
TABLE III
Numbers of Bacteria in Soil
Expressed in numbers per gram of air dry soil
Date Soil 2 Soil 3 Soil 7
1925
Aug. 8 9,300,000
9,500,000
13,000,000
5,800,000
8,800,000
8,700,000
Oct. 19
Nov. 4
1926
Jan. 12 8,000,000
6,300,000
13,000,000
10,300,000
15,000,000
17,300,000
13,300,000
6,200,000
5,200,000
12,300,000
8,300,000
11,300,000
5,900,000
6,500,000
3,700,000
2,900,000
3,500,000
Jan. 27
Feb. 10
Mar. 2
Mar. 15
Apr. 2 3,000,000
Apr. 12
Apr. 26 3,300,000
Apr. 28 16,700,000 15,600,000
May 5 3,500,000May 10 14,280,000 11,850,000
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TABLE IV
Numbers of Actinomycetes in Soil
Expressed in numbers per gram of air dry soil
Date Soil 2 Soil 3 Soil 7
1925
Aug. 8
Oct. 19
Nov. 4
1926
Jan. 12
Jan. 27
Feb. 10
Feb. 24
Mar. 2
Mar. 15
Apr. 2
Apr. 12
Apr. 26
Apr. 28
May 5
May 10
650,000 370,000
280,000 500,000
900,000 970,000
1,200,000 980,000 1,220,000
450,000 700,000 590,000
1,200,000 1,600,000 1,290,000
1,250,000 2,100,000
1,400,000 1,400,000
2,400,000 1,800,000
900,000 1,300,000 1,200,000
1,300,000 950,000
1,790,000
2,500,000 2,400,000
1,800,000
1,500,000 1,800,000
TABLE V
Numbers of Fungi in Soil
Expressed in numbers per gram of air dry soil
Soil 2 Soil 3 Soil 7
96,000 103,000
157,000 147,000
179,000 141,000
212,000 133,000
106,000 147,000
113,000 167,000 215,000
129,000 157,000 75,000
100,000 135,000
118,000 137,000
103,000 129,000 143,000
182,000 131,000
124,000 241,000 140,000
175,000
170,000 179,000
Date
1925
Oct. 2
Oct. 12
Oct. 19
Nov. 4
Jan. 12
Jan. 27
Feb. 10
Mar. 2
Mar. 15
Apr. 2
Apr. 12
Apr. 28
May 5
May 10
In Table III are shown the numbers of bacteria, in
Table IV numbers of actinomycetes, and in Table V numbers
of fungi as determined for soils 2, 3, and 7. A study of
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Table III will show that the numbers of bacteria in soil 2,
on which Melilotus was turned under, were consistently-
higher than in number 3, which received an application of
nitrate of soda and kainit, but no Melilotus. The differences
in the counts for these two soils will be seen more clearly
by referring to Figure 1. Although the Melilotus was
turned into the soil early in the spring of 1925, the effect on
bacterial numbers was still apparent more than a year after-
ward. It must be kept in mind, of course, that soil 3 re-
ceived an application of sodium nitrate and kainit and soil 2
acid phosphate and kainit in addition to the green manure,
but it is improbable that the effect of these materials would
be great enough to account for the differences noted.
In order to determine the immediate effect of turning
under the Melilotus crop on the numbers of microorganisms,
in 1926 a similar study was made of two soils which received
the same treatment as soils 2 and 3 did in 1925, soil 11
corresponsing to number 3, and 12 to number 2. Because
of the wet weather which prevailed during the spring of
1926, field work was considerably interfered with, and it
was impossible to plow under the Melilotus until later than
usual. When this was finally done on April 14 a very heavy
growth had resulted. The first samples from these soils
were taken for analysis on April 12, two days before the
crop was turned under, after which two weeks were per-
mitted to elapse before further sampling was done. By this
TABLE VI
Effect of Melilotus on Numbers of Microorganisms in Soil
Expressed in numbers per gram of air dry soil
Date Soil 11—Check Soil 12—Melilotus
Bacteria Actinos Fungi Bacteria Actinos Fungi
1926
Apr. 12 10,800* 900 119 11,500 1,100 159
Apr. 27 14,600 2,600 174 55,500 1,600 261
May 4 16,300 2,000 151 50,600 2,600 174
May 10 10,800 1,700 268 25,600 1,400 200
*
—Thousands omitted.
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time the stalks and leaves of the Melilotus had begun to lose
their structure, indicating that decomposition was taking
place. The results obtained are presented in Table VI.
By referring to this table, the marked imm,ediate effect
which the Mililotus had on bacterial numbers will be appar-
ent. From 11,500,000 organisms per gram of air dry soil
on April 12, the numbers jumped to 55,500,000 on April 27.
On May 4 the count declined slightly to 50,600,000, and by
May 12, when the final samples were taken, a decrease which
was almost as marked as the initial increase, had taken
place, the numbers having fallen to 25,600,000. In the check
soil the numbers at the first sampling on April 12 were
practically the same as in the treated soil, 10,800,000. There
was a gradual rise on the two succeeding sampling dates,
the count being 14,500,000 on April 27 and 16,300,000 on
May 4. The final determination on May 10 showed a de-
crease in numbers to 10,800,000. The increases in this soil
were probably due to the increase in temperature, since a
gradual rise in numbers in other soils being studied was
noted at this time. The final decrease can probably be
attributed to a fall in temperature which occurred at that
time. The changes in the counts in soil 12 were no doubt
also influenced to some extent by the same factor, but the
variations are so great as to leave no doubt of the effect
of the Melilotus. It would have been desirable to have con-
tinued the work in order to determine just how long this
stimulation of numbers would be evident, but circumstances
made it necessary to bring the work to a close the middle
of May.
Turning to a consideration of the numbers of acti-
nomycetes, the figures in Table IV do not show that there
was any important effect on this group of organisms, either
immediate or residual. In soil 12, as shovm in Table VI,
there was a gradual rise in the count after the Melilotus had
been turned under, but there was a corresponding increase
in the check soil, indicating that the rising temperature
may have been the determining factor rather than the added
organic matter.
The results of the counts of fungi were similar to those
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for actinomycetes so far as showing any effect of Melilotus
is concerned. Beginning in October with 96,000 organisms
per gram of soil in soil 2, the numbers rose to a maximum
of 212,000 on November 4, and then declined, remaining be-
low the count of the check soil until April 12, when they
again rose, only to fall below the check on April 28 and
May 10. The differences at each sampHng date, however,
were small and cannot be considered significant. The num-
bers in the check soil also fluctuated considerably, apparent-
ly irrespective of moisture or temperature, reaching a maxi-
mum of 241,000, on April 28. As shown in Table IV, there
was a temporary increase in the count when the melilotus
was turned under, the counts rising from 159,000 on April
12 to 261,000 on April 27, 174,000 on May 4, and 200,000
on May 10. A count of 268,000 was recorded for the check
soil on the latter date.
TABLE VII
Record of Temperatures and Soil Moisture Content
Date
Mean Temp,
for 5 days
preceding
sampling
Soil Moisture Content
Soil 2 1 Soil 3 1 Soil 7
1925
11.882° F. 8.0
71 17.5 17.5
66 20.6 21.2
1926
21.944 20.1 20.2
Jan. 27 41 19.7 20.7 22.5
Feb. 10 57 19.3 19.3 21.2
64 19.5 19.3
Mar. 2 57 17.5 17.2
50 18.4 18.0
60 20.4 19.1 19.1
Apr. 12 63 19.8 19.0
21.7Apr. 26
18.5Apr. 28 63 19.5
16.976
1
19.4May 10 74 19.5
22.0
1
In seeking an explanation for the fluctuations in num-
bers at the different dates of sampling during the entire
course of the work, the influence of moisture and tempera-
ture suggests itself as a probable determining factor. The
temperatures, as recorded at the station, and the soil mois-
15
ture content at each sampling date, appear in Table VII.
Taking soil 2, which may be used as a typical example, it
will be seen from Figure 1 that the numbers of bacteria
declined rather sharply in January, when the temperature
was considerably lower than it was in November, falling
from 13,000,000 on November 4 to 6,300,000 on January 27.
Since it was impossible to carry on this work in December
because electricity was not available for the incubators in
the laboratories at the new university, no evidence was
obtained of the effect of the first marked drop in tempera-
ture which occurred during that month. February was
a warm month, and the rise in temperature corresponded
with an increase in bacterial numbers from 6,300,000 on
January 27 to 13,000,000 on February 10. In March, how-
ever, which was wet and cold, the results are less consistent.
There was a decrease in the count on March 2 to 10,300,000
organisms per gram of soil, but on March 15, when the
temperature was lower, a count of 15,000,000 was recorded.
Then on April 2, when the weather was again warmer, a
further drop in numbers occurred to 7,300,000. The results
from the final samplings on April 12 and 28, and on May
10 correspondended very well with the temperature changes.
The curve representing the changes in the count of
actinomycetes generally followed that for the bacteria
throughout the period of study, although the degree of fluc-
tuation was much smaller. The curve for fungous numbers,
on the other hand, shows no such agreement, and it would
be impossible to explain the changes which occurred by the
influence of climate. The highest count of fungi, in the
cotton soil, for example, was obtained on January 27 when
the temperature was lower than at any other sampling date,
while the lowest count followed on February 10 when an
increase in temperature had again taken place. Brown and
Halversen (2) found similar conditions in Iowa soils, and
concluded that the fluctuations of fungous numbers from
one sampling to the next were apparently unaffected by
moisture, temperature, or soil treatment. Their conclusion
that bacterial development in soils, during part of the year
at least, is controlled by other factors than moisture and
16
temperature, also applied to the results obtained in this
work.
Although only six samples were taken from soil 7,
which was in cotton, the results obtained, as presented in
Tables III, IV and V, are sufficient to give a comparison
between it and the sugar cane soils. The minimum count of
bacteria recorded for number 7 was 2,900,000 organisms
per gram of air dry soil on January 27, and the maximum
3,700,000 on January 12, the latter being less than four-
fifths of the minimum count in the cane soils, 5,200,000 in
soil 3 on January 27. The numbers remained practically
stationary throughout the sampling period from January
to May.
The numbers of actinomycetes, on the other hand,
showed not only a much higher proportionate count, but
also a greater fluctuation from one sampling date to the
next. The minimum count for this group, 590,000 per gram
of soil, was recorded on January 27, and the maximum of
1,800,000 on May 10. On three of the six sampling dates the
actinomycetes counts in the cotton soil practically equalled
or exceeded that in the cane soils for the same date, thus
showing that this group of organisms constituted a much
higher percentage of the total flora in the cotton soil.
The relative numbers of fungi to bacteria in the cotton
soils was also much greater in the cane soils. The fungi
ranged in numbers from 75,000 per gram on February 10
to 215,000 on January 27. Averaging all of the counts from
all three soils, the ratio of bacteria to actinomycetes to fungi
in soil 7 was roughly 28-11-1 ; in soil 3, 56-7-1, and in soil 2,
84-9-1. The bacteria-fungi ratio in each soil is in accord
with what would be expected from their reactions, the
reaction of number 2, as determined colorimetrically with
La Motte standards, being pH 7.6-7.9 ; of number 3, pH 7.2-
7.4, and of number 7, pH 6.4. The ratio of bacteria to acti-
nomycetes was contrary to the generally accepted facts, be-
ing lowest in the soil of greatest acidity (2.5-1 in soil 7),
and highest in the most alkaline soil (9-1 in soil 2)
.
NITRIFICATION
The value of a study of nitrification as a means of
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measuring the general biological condition of a soil and of
supplying information regarding the relative fertility of
different soils has been pointed out by Waksman (10) , His
own results as well as those of others which he summarized,
show that a rather close correlation exists between the
nitrifiying capacity of a soil and its productivity. Since
the results supporting this conclusion have been accumulat-
ed from the studies of soils in many sections of the country
which are of different origin and under different cropping
treatment, active nitrification may reasonably be taken as
an indication that the soil reaction, aeration, food supply,
and other enviromental conditions are favorable for the
development of desirable microorganisms.
In the present study of nitrification the soils used were
numbers 2, 3 and 7, which have been described, and number
8, adjacent to 7, which received an application of ground oys-
ter shells at the rate of three tons per acre in the spring of
1926. This soil was cropped to corn and soy beans in 1925.
The soil method of studying nitrification was used in
the work, following in general the technical suggested by
Waksman (9). The soils were collected in the field at a
depth of six inches and dried sufficiently to permit passage
through a 20-mesh sieve. 100 gram portions of the sieved
soil were weighed into tumblers and treated as follows
:
Series A: SOmgm.Nas (NHJ^SO,
" B
: 30 mgm. N as (NHJ ^SO, plus 210 mgm. CaCO,
" C: 100 mgm. dried blood
" D : Check, no treatment
The ammonium sulfate was added in solution, and the
dried blood was passed through a 40-mesh sieve. The
materials were thoroughly mixed with the soil, the mois-
ture content brought to optimum, and the tumblers incubat-
ed at room temperature (20-25°C) for fifteen days. At
the end of the incubation period nitrates were determined,
using the phenoldisulfonic acid method as modified by Har-
per (3). The results which were obtained are presented
in Table VUI. The figures given, which are in terms of
milligrams of nitrogen as NO3 per 100 grams of soil, are the
average of three repetitions of the experiment.
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Judging from the data in this table, there was evidently
/ery little difference in the nitrifying capacity of the two
sugar cane soils studied when either ammonium sulfate or
dried blood was used as the source of nitrogen. Slightly
more than 5 mgm. of nitrate nitrogen were recorded for
each soil from the dried blood treatment. Ammonium sul-
fate gave 8.48 mgm. in soil 2 and 6.14 mgm. in soil 3. The
greater production of nitrates from the sulfate than from
the dried blood in these soils is probably accounted for by
the fact that their initial reaction is above the neutral
point, while the natural buffers in the soil prevented the
final reaction from going below pH 6.8, thereby neutralizing
to some extent at least the usual depressing effect of the
sulfate. The addition of CaCOg with the ammonium sulfate
brought about a marked increase in the amount of nitrate
formed in both soils, approximately 20.0 mgm. being present
in each case. It also prevented any important increase in
the acidity of the soils, the final reading for soil 2 being pH
7.3 and for soil 3 pH 7.1.
In soil 7, the untreated cotton soil, it will be noted
that ammonium sulfate was nitrified to a very slight extent,
an average of only 1.07 mgm. of nitrate nitrogen being
recorded, as compared to 6.14 mgm. in soil 2 and 8.48 mgm.
in soil 3. While such an effect is to be expected, it seems
that the depression can hardly be explained on the basis of
reaction alone since an acidity represented by pH 6.0 is not
sufficient to prevent the action of the nitrifying organisms.
With the addition of CaCOg nitrate production was increas-
ed nearly ten times. The beneficial efforts of lime on this
soil are further shown by the results from soil 8, which
received an application of ground oyster shells at the rate
of three tons per acre. In this soil ammonium sulfate alone
did not depress nitrification, the amount of nitrate formed
being slightly greater than that from dried blood, and only
1.7 mgm. less than that formed when the theoretical amount
of calcium carbonate necessary to neutralize the acidity was
added.
Further evidence of the beneficial effort of lime on the
nitrifying organisms in this soil is found in Table VI, in
19
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which is recorded the nitrate accumulation in the field.
These plots were plowed on February 10, the oyster shells
applied on March 2, and the cotton planted in April. No
samples were taken during the time the seed bed was
being prepared. From 2.0 parts of nitrate per million parts
of soil on February 10, the nitrate content rose to 25.8 parts
per million on April 26, 28.3 on May 5, and 30.0 on May 12.
In the check soil, begining with February 10, the nitrate
content for the corresponding dates was 2.31 parts per
million, 2.72, 2.88, and 2.91. Here again the changes which
have taken place seem greater than would be expected to
result from the changes in the reaction of the soils. Three
tons of lime per acre caused the reaction to change from pH
6.3 to pH 6.6. Unless some other governing factor was
influenced, this small increase in alkalinity brought about
a twelve-fold increase in nitrification.
Nitrate accumulation in the field in soils 2 and 3, as
shown in Table IX, was apparently governed more largely
by the temperature, moisture, and crop growth than by
other factors. During August, which was a dry month, the
cane made very little growth, a fact which is reflected in
the increased nitrate content. Apparently there was not
sufficient moisture present in the soil to enable the plant
to utilize the nitrates which were being formed. In
October the cane made considerable growth and a corres-
ponding decrease in nitrate content of the soil was noted.
In December, after the cane had been cut and before cold
weather set in; there was a slight rise in nitrate con-
tent, followed by a decline to an immeasureable quantity
in soil 2 on January 12, and 1.0 parts per million in soil 3.
On February 10 an increase to 1.5 and 1.6 parts per million
respectively were recorded, after which date there was
very little change.
Comparing the nitrifying efficiency of the cotton and
cane soils, the latter are seen to have a higher nitrifying
power when untreated. With the addition of lime to the
cotton soil, however, the results show that the nitrifying
organisms are present and that they are of nearly as high
efficiency as those in the cane soil. Organic fertilizers such
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TABLE IX
Nitrate Accumulation in the Field
Date Soil 2 Soil 3 Soil 7 Soil 8
1925 ppm. ppm. ppm. ppm.
Aug. 15 18.2 6.8
Aug. 31 : 21.0 10.2
Oct. 12 5.5 7.8
Oct. 19 2.7 3.6
Nov. 4 5.8 2.8
Dec. 3 4.4 3.4
Dec. 18 7.6 4.1 7.0
1926
Jan. 12 0.0 1.0 0.5 0.8
Jan. 27 0.4 1.8 1.1 1.2
Feb. 10 1.5 1.6 2.3 2.0
Feb. 24 1.8 1.9
Mar. 2 2.7 1.9 3.1
Mar. 15 2.0 1.5 2.7
i\/r o T» 9/1 1.4 1 ol.z -t A1.0
Apr. 2 1.7 1.8 0.1
Apr. 12 1.6 1.9
Apr. 26 2.72 25.8
Apr. 27 : 1.5 0.8
May 5 2.88 29.3
May 10 2.5 1.5
May 12 2.90 30.0
as blood and probably cottonseed meal, would be expected to
become available to plants almost as rapidly in one as in
the other. If ammonium sulfate, however, is applied to a
soil similar to number 7, the results indicate that it should
be accompanied by the use of lime in order to secure the
maximum returns from it. Data are not yet available which
will show whether the beneficial effect of lime on bacterial
activities in this soil will be accompanied by increased crop
yields.
NON-SYMBIOTIC NITROGEN FIXATION
For determining the non-symbiotic nitrogen fixing
power of these soils, 100 cc. portions of Ashby's mannite
solution in SOOcc. Erlenmeyer flasks were inoculated with
one gram of fresh field soil, incubated at room temperature
for fifteen days, and the total nitrogen determined. Checks
were inoculated and sterilized in the autoclave, and then
placed with the other flasks. The results which are given in
Table X are the averages of two repetitions of the experi-
ment.
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TABLE X
Non-Symbiotic Nitrogen Fixation in Soils
mgm N mgm N Ave
mgm N
Check
Incr.
over
Check
Soil 1 7.44 8.44 7.94 1.50 6.44
Soil 2 7.50 7.42 7.46 1.09 6.37
Soil 3 7.96 8.47 8.21 1.47 6.74
Soil 7 3.82 3.75 3.78 0.80 2.98
The sugar cane soils, which are found to have the
highest total numbers of micro-organisms and the greatest
nitrifying capacity, also showed a much higher nitrogen
fixing power than did the cotton soil. An average of 6.52
mgm. of nitrogen per gram of soil was fixed by the cane
soils, 1, 2, and 3, and 2.98 mgm. by the cotton soil, 7. At
the end of the incubation period the flasks inocubated with
the cane soils were covered with a heavy, dark brown to
black growth, while only a very thin, light brown film had
developed in the flasks incubated with the cotton soil.
These results were not unexpected since the writer
had difficulty in isolating Azotobacter from soil 7. On man-
nite agar plates poured from this soil at dilutions as low
as 1-10,000, only occasional colonies of Azotobacter would
develop, usually one to three colonies on five to ten plates.
From the cane soils the Azotobacter counts averaged from
600,000 to 1,000,000 organisms per gram of soil.
SUIVIiVIARY
1. In a study of the fungous flora of three alluvial soils
cropped to sugar cane and one loessial soil cropped to cotton,
it was found that the genera Aspergillus and Penicillium
constitute fifty percent of the total flora. Ninety percent
of all the fungi isolated belonged to the genera Aspergillus
y
Penicillium, Spicaria, Trichoderma, Fusarium, Mucor,
Rhizopus and Zygorrhynchus. Members of twenty-eight
other genera were isolated.
2. Marasmius and Rhizoctonia which are known to be
present in the soils studied were isolated infrequently.
3. The total numbers of microorganisms were nearly
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twice as great in the cane soils as in the cotton soils. Sour
clover {Melilotus indica) sown on plant cane and plowed
under in the spring, caused an increase in bacterial numbers
which was evident throughout the year. The numbers of
fungi and actinomycetes did not seem to be materially af-
fected by this treatment.
4. The sugar cane soils were found to have a greater
nitrifying capacity than the cotton soil, as measured by
the nitrification of dried blood and ammonium sulfate.
Plowing Melilotus into the soil caused an initial increase
in nitrate accumulation, but apparently did not affect the
nitrifying power of the soil.
5. Application of three tons of ground oyster shells
per acre to the cotton soil caused an increase in the nitrify-
ing power of the soil.
6. The non-symbiotic nitrogen fixing power pf the
sugar cane soils was approximately twice as great as that
of the cotton soil. Azotobacter were plentiful in the cane
soils but were almost lacking in the cotton soil.
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